We present 7 mm and 3.5 cm wavelength continuum observations toward the Herbig AeBe star HD169142 performed with the Very Large Array (VLA) with an angular resolution of ≃ 1 ′′ . We find that this object exhibits strong (≃ 4.4 mJy), unresolved ( 1 ′′ ) 7 mm continuum emission, being one of the brightest isolated Herbig AeBe stars ever detected with the VLA at this wavelength. No emission is detected at 3.5 cm continuum, with a 3σ upper limit of ≃ 0.08 mJy. From these values, we obtain a spectral index α 2.5 in the 3.5 cm to 7 mm wavelength range, indicating that the observed flux density at 7 mm is most likely dominated by thermal dust emission coming from a circumstellar disc. We use available photometric data from the literature to model the spectral energy distribution (SED) of this object from radio to nearultraviolet frequencies. The observed SED can be understood in terms of an irradiated accretion disc with low mass accretion rate,Ṁ acc ≃ 10 −8 M ⊙ yr −1 , surrounding a star with an age of ≃ 10 Myr. We infer that the mass of the disc is ≃ 0.04 M ⊙ , and is populated by dust grains that have grown to a maximum size of 1 mm everywhere, consistent with the lack of silicate 10 µm emission. These features, as well as indications of settling in the wall at the dust destruction radius, led us to speculate the disc of HD169142 is in an advanced stage of dust evolution, particularly in its inner regions. 
INTRODUCTION
Herbig Ae/Be (HAeBe) stars are young stellar objects (YSOs) of intermediate mass, characterized by large infrared excesses due to the presence of circumstellar discs, and are believed to be the more massive analogues of T Tauri stars (Herbig 1960 , Strom et al. 1972 . The presence of discs around isolated HAeBe stars has been mainly inferred by modeling their spectral energy distribution (SED) at millimetre, submillimetre, infrared, and optical wavelengths (e.g., Dullemond, Dominik & Natta 2001; Natta et al. 2001 Natta et al. , 2004 Meeus et al. 2001; Dominik et al. 2003; Dullemond & Dominik 2004; Acke, van den Ancker & Dullemond 2005; Hernández et al. 2005 ). However only a few of these dust/gas structures have been (marginally) spatially resolved (sizes 2×beam; eg., Mannings & Sargent 1997) .
As a continuation of a survey program to study the circumstellar dust/gas around isolated HAeBe stars (including submillimetre wavelength CO observations) performed by Dent, Greaves & Coulson (2005) , we have searched at the VLA archive for centimetre/millimetre wavelength continuum observations toward those stars where submillimetre CO emission was detected. The main goal of that search was to identify dust disc candidates which may be resolvable through future high angular continuum observations. By reducing and analyzing the available VLA archive data on these sources, we have found in particular that the HAeBe star HD169142 is associated with strong 7 mm continuum emission (data presented in this paper).
The A5Ve star HD169142 is a relatively nearby (d = 145 pc) example of an isolated HAeBe star (Dunkin, Barlow & Ryan 1997 , van den Ancker 1999 , Meeus et al. 2001 .
It has significant far-infrared emission as well as a mid-infrared excess (Malfait, Bogaert & Waelkens 1998) , and is one of the brightest such objects at submillimetre wavelengths (Sylvester et al. 1996) . The absence of large-scale nebulosity or extended molecular gas in the region suggests no nearby on-going star formation and that HD169142 is a relatively that any circumstellar disc around the star must be close to face-on, with an inclination an-gle of ≃ 10
• (Dent, Greaves & Coulson 2005) . Attempts to resolve the continuum emission have resulted in an upper limit to the mid-infrared disc radius of 150 Astronomical Units (AU) (Jayawardhana et al. 2001) , although there is evidence of polarized near-infrared emission extending to ≃ 200 AU (Kuhn, Potter & Parise 2001 (Habart, Natta & Krugel 2004) .
In this paper we present 3.5 cm and 7 mm continuum observations carried out with the VLA toward the source HD169142. We discuss in § 2.1 the nature of its continuum emission at cm/mm wavelengths. In addition to the VLA data, in § 2.2 we compile data from the literature to construct the SED of HD169142 over a wide range of wavelengths, from radio to near-ultraviolet. In § 3 we compare the SED with a grid of self-consistent irradiated accretion disc models from D' Alessio et al. (2005) . Our studies imply that a disc with mass ≃ 0.04 M ⊙ and a population of grains grown to a maximum radius of ≃ 1 mm surrounding a star with an age of 10 Myr can reasonably explain the main characteristics of the observed SED.
OBSERVATIONS
2.1 VLA observations and results at 3.5 cm wavelength, and ≃ 0.
• ) and ≃ 300 µJy beam −1 at 7 mm wavelength, respectively (Table 1) .
A bright (≃ 4.4 mJy beam −1 ), unresolved ( 1 ′′ ) 7 mm continuum source is detected toward HD169142 (see Figure 1) , with its peak position at α(J2000) = 18 h 24 m 29. s 78,
, coinciding with the optical position of the star (Hog et al. 1998 ). To our knowledge, this is one of the brightest 7 mm continuum sources ever detected with the VLA toward a HAeBe star (from the literature we see that only HD163296, with a flux density of 6 mJy at 7 mm, is brighter; Natta et al. 2004) .
No 3.5 cm continuum emission is detected toward HD163296, with an upper limit of ≃ 0.08 mJy beam −1 (3σ level). From these values, we obtain a spectral index α 2.5 (
in the 3.5 cm to 7 mm wavelength range. This high value of the spectral index indicates that free-free emission cannot account for the observed flux density at 7 mm, and that thermal dust emission from a circumstellar disc is most likely the main contribution to the observed flux density at this wavelength (see also § 3).
Spectral Energy Distribution
In Table 2 , we list the flux density values of HD169142 from near-ultraviolet to radio wavelengths used for modeling the SED ( § 3). The magnitudes UBV and JHK measured by Malfait, Bogaert & Waelkens (1998) and Sylvester et al. (1996) have been dereddened using a value of the extinction to the star of A V ≃ 0.5, which is obtained from the standard extinction law with R V ≃ 3.1 and a spectral type A5. Magnitudes have been converted into flux densities using zero points from Johnson (1966) and Bessell & Brett (1988) . We also 
DISCUSSION AND CONCLUSIONS
HD169142 is considered a relatively evolved Herbig Ae/Be star with an A5Ve spectral type (Dunkin, Barlow & Ryan 1997 Meeus et al. (2001) . b Uncertainties in the near-ultraviolet through near-infrared flux densities are less than 10%.
been detected. Consequently, the good wavelength coverage of the SED of HD169142, with observational data ranging from near-ultraviolet to radio frequencies (Table 2 and of an irradiated accretion disc, the contribution of the stellar photosphere (relevant in the optical regime) calculated using Kurucz (1993) models, and the contribution of the inner cylindrical surface that faces the star, where the dust disc is truncated by dust sublimation at T ≃ 1400 K (i.e., the "wall" at the dust destruction radius, R wall , whose emission is important in the near-IR range; Natta et al. 2001 ).
The main characteristics of these disc models are described in D'Alessio et al. (1998, 1999, and 2001) . In summary, these discs are assumed to be in steady state (with a constanṫ M acc ) and geometrically thin (i.e., the gas scale height along the disc is smaller than the radial distance). They are heated by stellar radiation, viscous dissipation, and ionization by energetic particles. The viscosity parameter α is calculated following the prescription from Shakura & Sunyaev (1973) , where the usual value α = 0.01 is adopted for all the models in the database, except for the models with 4000 K and 1 Myr where values α = 0.1, 0.01, and 0.001 were used. The opacity is mainly due to dust, whose grains are assumed to have a size distribution n(a) ∝ a −3.5 between a minimum size a min (fixed at 0.005 µm) and a maximum structure and emission properties of the disc are calculated self-consistently with the stellar parameters, instead of using simple power-law descriptions for the dust temperature and the surface density.
In the case of HD169142, we have a priori constraints for some of the parameters. For instance, the spectral type of the star is A5Ve (Dunkin, Barlow & Ryan 1997) , the disc radius should be of the order of 100 AU (a value suggested by the mid and near-infrared wavelength observations, see §1, as well as the 7 mm continuum observations presented in this paper), and the inclination angle of the disc with respect to the line-of-sight is ≃ 10 , a disc radius R disc ≃ 300 AU, and an inclination angle i ≃ 30
• . We have estimated the values of the remaining parameters by fitting the observed SED. We obtain a reasonable fit by assuming a central star with an age of 10 Myr, surrounded by a disc with a mass accretion rateṀ acc ≃ 10 −8 M ⊙ yr −1 , a mass M disc ≃ 0.04 M ⊙ (calculated by integrating the surface density in the disc, Σ, from the dust destruction radius, R wall = 0.35 AU, to the outer radius, R disc = 300 AU), and where dust grains have grown up to millimetre sizes (a max = 1 mm). We have modified the nominal value of the height of the "wall" at the dust destruction radius used in the database, in order to obtain a better fit to the observed near-infrared emission. We obtained the best fit for a height of the dust wall z wall = 0.018 AU. The gas scale height at R wall can be calculated assuming that there the disc is vertically isothermal with a temperature of 1400 K. Using equation (13) of Dullemond et al. (2001) we obtain a value of ∼0.01 AU for the gas scale height, implying a ratio of ∼2 between the height of the dust wall and the gas scale height. This low value of the ratio between the height of the dust wall and the gas scale height (as compared with the value of ∼4 usually found in HAeBe stars; Dullemond et al. 2001 ) may imply that the dust in the inner disc has grown and is settling towards the equatorial disc plane, consistent with the large grains required to explain the 7 mm continuum emission. Figure 2 shows the total emission of this model (solid-line) that includes the disc contribution, the stellar photospheric contribution (dotted-line) and the "wall" emission (dotted-dashed line). We estimate the accretion luminosity as L acc ≃ GM * Ṁ /R * = 0.37 L ⊙ , which is considerably lower than the derived stellar luminosity (L * = 17 L ⊙ ); irradiation is therefore the main heating agent of the disc upper layers. We note that some regions of the disc could be unstable to axisymmetric gravitational perturbations if the Toomre Q-parameter
5 , where c s is the sound speed) is less than unity (Toomre 1964).
Since the most unstable regions are expected to occur at large radii, we evaluated the Toomre Q-parameter at the disc radius (R disc = 300 AU, where the surface density is 0.6 g cm
and the mid-plane temperature is 20 K, implying c s = 0.3 km s −1 ) and we obtained a value of Q ≃ 13, implying that the disc is gravitationally stable. A disc ∼10 times more massive will be ∼10 times denser, and would start to become gravitationally unstable. A summary of the main parameters of the circumstellar disc around HD169142 is given in Table 3 .
The SED of HD169142 has been modeled by Dominik et al. (2003) using a passive disc and dust grains with size ≃ 0.1 µm. To fit the SED, Dominik et al. used a power-law radial distribution of surface density, with a very steep dependence, R −2 ; in contrast, in the model outlined above the surface density is calculated self-consistently assuming an α-disc model and goes to a R −1 dependence at large radii (D'Alessio et al. 1999 ). In addition, Dominik et al. had to adopt a λ −1 dependence for the opacity in the millimetre range, which in our case arises naturally from the grain size distribution. Moreover, their predicted SED had significant silicate emission, while the large value of the grain maximum size of our adopted dust mixture consistently predict no emission in this feature. In fact, the large grain sizes, lack of silicate emission, and the low height of the wall at the dust destruction radius, all seem to suggest a large degree of grain coagulation and settling has occured in the inner disc of HD169142. This is generally consistent with the predictions from models of the distribution of solids in proto-planetary discs (Weidenschilling 1997; Dullemond & Dominik 2004 . Grains are shown to grow and settle very rapidly, possibly leaving a disc atmosphere dominated by smaller dust. The small grains can be replenished through mutual collisions. However, in the case of HD169142, the absence of silicate feature suggests that few grains smaller than ∼ 3µm exist in the disc atmosphere. The maintenance of relatively HD169142 11 large grains in the atmosphere would require an efficient stirring mechanism; alternatively the dust could be depleted in silicate for some reason. Why the mm-sized grains have not settled further in such an old disc is unclear. However, the results of Dullemond & Dominik (2004) suggest that it is possible for a thin disc of relatively large grains to reach a semiequilibrium state, given a suitably efficient stirring mechanism.
Finally, it is important to mention that the current model for HD169142 may not be unique, and that a model with a lower accretion rate (Ṁ acc ≃ 10 −9 M ⊙ yr −1 ) and a smaller value of the viscosity parameter (α ≃ 0.001) might be also feasible. In this sense, we also note that the slope of the model SED in the far-IR to submm range is somewhat steeper than observed, suggesting that the power-law index of the dust grain size distribution is shallower than the value of −3.5 adopted here. Nevertheless, as pointed out by D'Alessio et al. (2005), to find an unique model, additional observational constraints such as spatial distribution profiles at various wavelengths are needed. In fact, the strong 7 mm dust continuum emission reported in this paper makes this source an excellent candidate to resolve its dust disc contents both at that particular wavelength with the VLA in its A configuration (angular resolution ≃ 0. ′′ 1), as well as with the Expanded Submillimeter Array (eSMA = JCMT+SMA) at submillimetre wavelengths.
